*We considered the dynamical properties of an initially localized wave packet in one-dimensional uniform lattices with various spatial distributions of nonlinearity. For the spatial uniform distribution of nonlinearity, solitons appear and move in opposite directions away from the initial site by weak nonlinearity. For moderate nonlinearity, the wave packet is totally diffusive. For strong nonlinearity, self trapping phenomenon occurs. For the spatial periodic and disordered distributions of nonlinearity, the wave packet is totally diffusive for weak and moderate nonlinearity. When the nonlinearity is strong, self trapping appears. For the spatial quasiperiodic Fibonacci distribution of nonlinearity, the wave packet is totally diffusive for weak nonlinearity. For moderate nonlinearity, the moving solitons appear. Self trapping appears for strong nonlinearity. We hope that our results can be useful in motivating and guiding experiments on the expansion of cold atoms in uniform optical lattices.
INTRODUCTION
Recently, owe to the impressive technological progress in experiments with cold atoms, the experimental studies on Bose-Einstein condensates(BECs) expansions in the optical lattices have been one of the most active fields [1] [2] [3] [4] . The evolution of BECs can be described by the Gross-Pitaevskii(GP) equation, which includes a cubic nonlinear term that represents the mean-field interaction [5] . Therefore, the theoretical work on the complex nonlinear systems has drawn a great deal of attention. One of the important topic of this field is to study the diffusion properties of wave packet [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Numerical studies of the propagation of an initially localized wave packet in several nonlinear disordered models showed that Anderson localization is destroyed by weak nonlinearity and the second moment grows subdiffusively with time [11] . Strong nonlinearity leads to self trapping phenomenon, i.e., a part of the wave packet is trapped around the initial site while , and Ru Li the rest of the wave packet still spreads [11] [12] [13] . An analogous situation has been studied in the simpler case of nonlinear periodic systems [18] [19] [20] . In that case, selftrapping occurs when the nonlinearity parameter exceeds a critical value that is of the order of the bandwidth [20] .
However, recent researches in this field primary focus on the spatial uniform distribution of nonlinearity. On the experimental side, other spatial distributions of nonlinearity have been modulated in BECs by dint of the Feshbach resonances through nonuniform magnetic fields [21] [22] [23] [24] . Thus, in this paper, we will study the propagation properities of an initially localized wave packet in uniform chain, with various spatial distributions of nonlinearity. The results not only can provide common ground for understanding transport properties but also can be useful in motivating and guiding experiments on the expansion of BECs in optical lattices and hence has great academic value both on the theoretical and experimental sides. This paper is organized as follows. In Sec. 2, we outline the model, the calculated physical quantities, and the numerical approach. Numerical results are presented in Sec. 3. We summarize this work in Sec. 4.
MODEL, PHYSICAL QUANTITIES, AND NUMERICAL METHOD

Model
The wave packet evolution equation is described by the discrete nonlinear Schrödinger (DNLS) equation
where n  is a complex variable whose modulus square gives the probability of finding a particle at lattice site n, the total probability is normalized to unity [25, 26] . It has been rigorously proved [27] that the Fibonacci lattice has a singular continuous spectrum and critical wave functions, which means that the eigenstates are neither localized nor extended. The 
Physical Quantities
To characterize the wave packet spreading over a lattice we consider three physical quantities. The first one is the wave packet probabilities at the initial position
where n0 is the inital position. This quantity gives the percentage of probability remaining at the initial excitation site. Such a quantity can tell us immediately if self trapping occurs [28] . 0 ( ) R t continuously decreases with time if there is no wave packet localized at the initial position, but approaches a nonzero constant for a self trapped wave packet. The second quantity is the participation number
which gives a rough estimate of the number of sites where the wave packet has significant amplitudes. ( ) P t continuously increases with time if the wave packet is totally diffusive, but approaches a nonzero constant for a part of wave packet is localized. The last characterization is the spatial probability distribution
which depicts the occupation probability at an arbitrary site n.
Numerical Method
In this paper, We perform numerical simulation of an initially localized wave packet spreading with time. The initial condition is always taken to be a near the boundaries. We use a SBAB2 symplectic algorithm [29] to integrate the discrete nonlinear Schrödinger equation (1) . By construction this method preserves the total probability at all times. The typical integration time step is ∆t = 0.01. The corresponding relative error in energy conservation is found to be less than 10 Firstly, we study the wave packet dynamics in uniform chain with spatial uniform distribution of nonlinearity. Figures 1(a) and 1(b) show the results of R0(t) and P(t) versus time t for different strengths of  , respectively. One can see from figure 1(a) that 0 ( ) R t continuously decreases with time for weak nonlinearity (  =1.0), that is, the probabilities of wave packet at the inital site decrease with time. From  Figure 1(b) , one can see that P(t) only increases with time in an initial period of time, after that fluctuates with time around a nonzero constant. It indicates that a part of wave packet keeps localizaed. For moderate strength of nonlinearity (  =3.3), 0 ( ) R t continuously decreases with time and the corresponding P(t) increases simultaneously. It suggests that the wave packet is totally diffusive. For strongh nonlinearity (  =3.6), both the 0 ( ) R t and P(t) fluctuate around a constant finally. It indicates that a part of wave packet is localized at the initial site, which is a sigunature of self trapping phenomenon. More wave packet will be localized at the initial site when the strength of nonlinearity beomes stronger. A more detailed characterization of the spreading of the wave packet in space via the probability distribution Wn at different times for different strengthes of nonlinearity is shown in Figure 2 . One can see from Figure 2 (a) that for weak nonlinearity, the width of the wave packet grows continuously with time. Probability of the wave packet at the initial site drcreases with time. Moreover, two peaks, which is known as solitons, appear and move in opposite directions away from the initial site. It is clearly seen from Figure 2 (b) that for moderate nonlinearity, the width of the wave packet grows continuously with time. Probability of the wave packet at the initial site drcreases with time. However, solitons appeared for weak nonlinearity are not found for moderate nonlinearity. Therefore, the wave packet is totally diffusive for moderate nonlinearity. For strong nonlinearity (see Figure 2(c) ), a part of the wave packet still spreads but the rest is localized at the inital position. Therefore, self trapping phenomenon appears for strong nonlinearity. Secondly, we study the wave packet dynamics in uniform chain with spatial periodic distribution of nonlinearity. Figures 1(a) and 1(b) show the results of R0(t) and P(t) versus time t for different strengths of  , respectively. One can see that the R0(t) decreases with time and the corresponding P(t) increases with time for weak nonlinearity (  =1.0). It indicates that the wave packet is totally diffusive. The solitons occurred in spatial uniform distribution of nonlinearity do not appear. The wave packet keeps totally diffusive when the strength of nonlinearity is less than 3.3. For  =3.3, 0 ( ) R t does not decrease with time and the corresponding P(t) does not increase simultaneously. It suggests that self trapping phenomenon appears. Moreover, the strength of nonlinearity needs to produce self trapping phenomenon for spatial periodic distribution of nonlinearity is less than that for spatial uniform distribution of nonlinearity. Thirdly, we study the wave packet dynamics in uniform chain with spatial disordered distribution of nonlinearity. Figures 1(a) and 1(b) show the results of R0(t) and P(t) versus time t for different strengths of  , respectively. One can see that the R0(t) decreases with time and the corresponding P(t) increases with time when the strength of nonlinearity is less than 3.1. It indicates that the wave packet is totally diffusive for weak and moderate nonlinearity. For  =3.1, self trapping phenomenon appears. In a word, the wave packet is totally diffusive when the nonlinearity is not strong, but is partially self trapped at the initial position for strong nonlinearity with spatial disordered distribution of nonlinearity. The results are very similar with those of the spatial periodic distribution of nonlinearity. Finally, we study the wave packet dynamics in uniform chain with spatial quasiperiodic Fibonacci distribution of nonlinearity. The results of R0(t) and P(t) versus time t for different strengths of  are shown in Figures 5(a) and 5(b) , respectively. One can see that R0(t) decreases with time and the corresponding P(t) increases simultaneously for weak nonlinearity (  =1.0). It indicates that the wave packet is totally diffusive for weak nonlinearity. This result is very similar with that of the spatial periodic and disordered distributions of nonlinearity. For moderate nonlinearity (  =3.0), R0(t) decreases with time while the corresponding P(t) does not increase simultaneously. In order to give a more detailed characterization of the spreading of the wave packet in space for  =3.0, we show in Figure 6 the Probability distribution Wn over lattice sites n at different times. One can see that probability of the wave packet at the initial site drcreases with time, which results in the value of R0(t) decreases with time. Moreover, a moving peak appears, which results in the value of P(t) does not increase with time. Therefore, solitons appear for moderate nonlinearity. For strong nonlinearity (  =3.1), both the 0 ( ) R t and P(t) fluctuate around a constant finally. It is a direct consequence of self trapping. In a word, the wave packet is totally diffusive for weak nonlinearity, and appears solitons for moderate nonlinearity, but is partially self trapped at the initial position for strong nonlinearity with spatial quasiperiodic Fibonacci distribution of nonlinearity. The results are very different not only from those of spatial uniform distributions of nonlinearity, but also from those of spatial periodic and disordered distributions of nonlinearity.
CONCLUSIONS
In this paper, we considered the dynamical properties of an initially localized wave packet in one-dimensional uniform lattices with various spatial distributions of nonlinearity. For spatial uniform distribution of nonlinearity, the wave packet appears solitons for weak nonlinearity, and is totally diffusive for moderate nonlinearity, but is partially self-trapped at the initial position for strong nonlinearity. For spatial periodic distribution of nonlinearity, the wave packet is totally diffusive for weak and moderate nonlinearity. Solitons occurred in spatial uniform distribution of nonlinearity for weak nonlinearity not appeared. Self trapping phenomenon appeares for strong nonlinearity. Moreover, the strength of nonlinearity needs to produce self-trapping phenomenon for spatial periodic distribution of nonlinearity is found to be less than that for spatial uniform distribution of nonlinearity. The results for spatial disordered distribution of nonlinearity are very similar with those for the spatial periodic distribution of nonlinearity. For spatial quasiperiodic Fibonacci distribution of nonlinearity, the wave packet is totally diffusive for weak nonlinearity, and appears solitons for moderate nonlinearity, but is partially self trapped at the inital position for strong nonlinearity. The results are very different from those of spatial uniform, periodic and disordered distributions of nonlinearity. We hope that our results can be useful in motivating and guiding experiments on the expansion of cold atoms in uniform optical lattices.
